We present a catalog of 321 compact radio sources in the declination range 0
1. introduction Radio interferometers measure the amplitudes and phases of Fourier components of the sky brightness distribution. The phases are generally more susceptible than the amplitudes to corruption due to the electronics and the atmosphere. Yet the phases encode important information about the position and structure of the radio source. For bright sources, the phases can be corrected by means of self-calibration (Pearson & Readhead 1984) . When the source is too faint for self-calibration, or when the absolute position of the source is desired, it is essential to correct the phase errors with frequent observations of a reference source, or "phase calibrator." To be useful, a phase calibrator should be bright, have an accurately determined position, and exhibit a simple (preferably compact) radio structure. A phase calibrator should also be separated from the target source by as small a switching angle as possible, to minimize differential atmospheric phase errors. This makes it valuable to identify a dense grid of phase calibrators across the sky.
For historical reasons, the southern sky is not as wellexplored for phase calibrators as the northern sky. In this paper we help redress this imbalance by presenting a catalog of 321 compact radio sources in the declination range 0
• > δ > −30
• . The positions in the catalog have a two-dimensional root-mean-squared (rms) accuracy of 35 milliarcseconds (mas). Our catalog is derived from observations with the NRAO Very Large Array (VLA) that were very similar in technique to those employed by the Jodrell Bank-VLA Astrometric Survey (JVAS: Patnaik et al. 1992; Browne et al. 1998; Wilkinson et al. 1998) . Our new observations are described in § 2. The details of data reduction, including the determination of the accuracy of the derived positions, are given in § 3. The catalog is presented in § 4. In the paper version of this article, only the first page of the catalog is reproduced; the entire catalog can be found in the electronic version of this article. In § 5 we summarize and highlight other possible uses of the catalog.
observations
In general, the structure of a radio source with a flat spectral index (α ≥ −0.5, where S ν ∝ ν α ) is dominated by a core that is compact on milliarcsecond scales. This was the underlying assumption of our strategy for selecting potential phase calibrators, as it was with JVAS.
We selected flat-spectrum sources in the region 0
• , using the Parkes catalogs (PKS; Otrupcek & Wright 1991) and early versions of the Parkes-MIT-NRAO catalogs (PMN; since published by Griffith & Wright 1993; Griffith et al. 1994 Griffith et al. , 1995 Wright et al. 1996) . For the PKS sources, we required S 2.7 GHz > 150 mJy and computed spectral indices between 0.4 GHz and 2.7 GHz, or between 2.7 GHz and 5.0 GHz, depending on the information available in the Parkes catalogs. For the PMN sources, we required S 4.9 GHz > 120 mJy and computed spectral indices between the 4.9 GHz PMN measurement and the 2.7 GHz Parkes measurement. These flat-spectrum targets, 719 in total, typically had positions with a two-dimensional rms accuracy of 16 ′′ . Confusion from Galactic emission, particularly when spectral indices involved a 0.4 GHz measurement, led to a zone of avoidance around the Galactic plane.
We used the VLA (Thompson et al. 1980 ) to observe these sources for a total of 63 hours, in four separate sessions during the period 1994 February 20-24 UT. At this time, the array was being changed from its most compact configuration (D) to its most extended configuration (A). For our observations most of the of the antennas were in their A-configuration positions, but a few antennas (no more than 7) were still in their D-configuration positions.
Data were acquired in dual circular polarizations at a center frequency of 8. 25 MHz. We did not use the full 50 MHz bandwidth that is routinely available, in order to minimize bandwidth smearing of the target sources. (For sources as bright as our target sources, the error in the derived positions is dominated by systematic effects such as bandwidth smearing, rather than statistical error.) Observations were made assuming a coordinate equinox of 2000.
Our phase calibrators for these observations were sources for which positions had been measured with verylong-baseline interferometry (VLBI) in the early 1990s, with an accuracy of approximately 2 mas (see Russell et al. 1994 , and references therein). The phase calibrators that we used, and the VLBI positions we assumed for them, are listed in Table 1 . This table excludes the sources that we intended to use as phase calibrators but that proved to be too resolved for this purpose, as described in § 3.
We observed an additional 26 sources drawn from Russell et al. (1994) , but did not use these 26 sources as phase calibrators, in order to quantify the astrometric accuracy of our observations. These "astrometric check sources" were treated exactly the same as target sources during the observations and data reduction. A list of the astrometric check sources, and the VLBI-based positions we assumed for them, is given in Table 2 .
All sources in our program (targets, calibration sources, and astrometric check sources) were scheduled for 2-minute observations. The switching time between phase calibrator observations was 6 minutes, with switching angles that were usually less than 10
• (but occasionally up to 15
• ). After allowing time for telescope slewing, and electronics settling, this provided 1-1.5 minutes of integration time per observation per source. Additional observations of the primary flux density calibrator 3C286 (= J1331+3030) were used to set the flux density scale to an accuracy of approximately 3%. Information on all Stokes parameters was obtained, but this paper presents the results for Stokes I only.
data reduction
The data were calibrated with the NRAO aips 6 software, using standard procedures. At this stage we recognized that some of our intended phase calibrators had structure that was significantly resolved by the VLA. These poor phase calibrators do not appear in Table 1 . We also excluded from further analysis all targets that were meant to have been calibrated by these poor phase calibrators.
As an internal consistency check, the positions and structures of the targets were determined using two completely different methods, described below. We stress that, in both methods, the centroid positions for the targets were derived prior to any self-calibration.
The first method, identical to that employed by Patnaik et al. (1992) , Browne et al. (1998), and Wilkinson et al. (1998) for JVAS, used an automatic procedure in aips that located the target within a wide-field (82 ′′ ) map and determined its position by fitting a quadratic profile to the brightest component in the map. The source structure was then determined by creating a smaller map (20 ′′ ) and performing two iterations of clean and phase-only selfcalibration. The synthesized beam, using uniform weighting, was typically 0.
′′ 4 × 0. ′′ 2. The peak flux density in the final map was recorded, along with the total flux density within a 10 ′′ × 10 ′′ region centered on the peak. The second method, similar to that employed by Myers et al. (2002) and Winn (2001) for gravitational lens surveys with the VLA, used an automatic procedure in difmap (Shepherd, Pearson, & Taylor 1994 ) that located the target within a wide-field map (128 ′′ ) and determined its position by fitting a point-source model to the visibility data in Fourier space. The source structure was then determined by creating a smaller map (25 ′′ ) and performing iterations of clean and phase-only self-calibration until prescribed limits on dynamic range or map noise had been achieved. The synthesized beam, using uniform weighting, was typically 0.
′′ 4 × 0. ′′ 2. The peak flux density in the final map, and the total flux density in the clean model, were recorded.
We also inspected a plot of visibility amplitude versus baseline length for each target, and discarded targets for which the data appeared suspicious, whether because of gross resolution, bandwidth smearing, confusion, or obviously corrupted data. All surviving targets were then filtered for adequate brightness (S peak 8.4 GHz > 50 mJy beam −1 ) and compactness (S total 8.4 GHz < 1.2 × S peak 8.4 GHz ). For those bright and compact targets, the rms differences between the coordinates derived using the two different dataanalysis methods were 8 mas in right ascension and 10 mas in declination. There were four extreme outliers with twodimensional positions differing by more than 50 mas; those four targets were discarded.
After all of these quality-control filters had been applied, a total of 321 bright and compact targets remained. The locations of these targets are shown in Fig. 1 , in which the Galactic zone of avoidance is evident. The positions and flux densities of these 321 targets are presented in Table 3. The tabulated entries are those derived from the difmap-based analysis.
As an external test of astrometric accuracy, we measured the positions of the astrometric check sources using exactly the same difmap-based analysis as used for the target sources. The rms differences between our VLA-based coordinates and the VLBI-based coordinates are 19 mas in right ascension and 21 mas in declination, implying a two-dimensional rms accuracy of 28 mas. The differences between the VLBI positions and the VLA positions are plotted in Fig. 2 .
A second external test of astrometric accuracy has recently become possible, because many of the targets in a preliminary version of our catalog were subsequently observed with the Very Long Baseline Array (VLBA) as part of the VLBA Calibrator Survey (VCS; Beasley et al. 2002) . The median one-dimensional uncertainty in the VCS1 positions (along the major axis of the error ellipse) is 0.9 mas. The VCS1 catalog contains 201 sources in common with Table 3 of this paper. These sources are identified by the comment "VCS1" in Table 3 . The rms differences between our VLA-based coordinates and the VCS1 coordinates are 22 mas in right ascension and 27 mas in declination, implying a two-dimensional rms accuracy of 35 mas. The differences between the VLBI positions and the VLA positions are plotted in Fig. 3 . Based on this analysis, we estimate the two-dimensional rms error of our catalog to be 35 mas.
the catalog
The positions and flux densities of the 321 new phase calibrators found from our VLA observations are given in Table 3 . These entries are derived from the difmap-based analysis, rather than the aips-based analysis, although, as mentioned in the previous section, the agreement between the two methods was excellent. The columns of Table 3 contain the following information:
Col. 1. Source name derived from J2000 coordinates, Col. 2. Right ascension (hours, minutes, seconds) in J2000 coordinates, Col. 3. Declination (degrees, arcminutes, arcseconds) in J2000 coordinates, Col. 4. Total flux density S The comment "VCS1" in the sixth column indicates that the source was subsequently observed by Beasley et al. (2002) and appears in the VLBA Calibrator Survey-1 catalog. The positions in the VCS1 catalog generally have a much smaller uncertainty (∼ 1 mas), and are preferable to our positions when selecting a phase calibrator for VLBI observations.
The catalog contains a few sources with declinations slightly larger than 0
• because the selection was originally performed in B1950 coordinates. It is important to note that the catalog is not a complete sample of compact sources in the stated declination range. While we did observe a statistically complete sample of flat-spectrum sources, the catalog presents only the subset of sources that survived our very conservative quality-control filters.
In the paper version of this article, only the first page of the table is reproduced, as an example. The entire table is available in the electronic version of this paper.
summary and discussion
We have produced a new catalog of compact radio sources in a dense grid in the southern sky. The catalog is intended to be useful for selecting phase calibration sources for radio interferometers, which is why we took special care in estimating the astrometric accuracy of the positions, and in discarding data that were suspect in any way. These compact radio sources can be used as phase calibration sources and also as positional references for proper-motion studies of nearby objects.
Compact sources can also be utilized in other ways. First, sources with intrinsically small angular sizes are required to study scintillation, angular broadening, and Faraday rotation due to the interstellar or interplanetary medium (see, e.g., Rickett 1990 Rickett , 2001 , for reviews). Second, some compact sources exhibit intra-day variability, a topic of intense recent interest (see, e.g., Jauncey et al. 2001) . Third, those few compact sources that have stable flux densities, such as gigahertz-peaked-spectrum sources (GPS; see, e.g., O'Dea 1998) and especially compact symmetric objects (Fassnacht & Taylor 2001) , can be used as convenient flux density standards. These sources are rare, but the compact sources in our catalog can be investigated for this purpose.
Finally, the observing methods described in this article-snapshot surveys of hundreds of flat-spectrum sources-have also proven useful for finding gravitational lenses. Lenses are fairly easy to recognize in these surveys, because they have multiple compact components separated by ∼ 0.
′′ 5-6 ′′ , unlike the great majority of flatspectrum sources. This technique was used by JVAS (King et al. 1999 ) and CLASS (Myers et al. 2002; Browne et al. 2002) to find dozens of new cases of multiple-image gravitational lensing. Moreover, Winn (2001) has used the data described in this paper, along with other VLA data, to discover 4 new lenses to date (Winn et al. 2000 (Winn et al. , 2001 (Winn et al. , 2002a (Winn et al. , 2002b . The details of that lens survey, and the reduction of those other VLA data, will be described in a future paper. The subset of the observations presented here was designed especially for astrometric accuracy, unlike those other observations, and thus merited separate treatment.
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